The objective of this research is to evaluate the performance of macrophyte waste stabilization pond system for municipal wastewater collected from Taxila (Pakistan). A model of macrophyte waste stabilization pond system was operated for six trials with each trials comprising different detention times that is 3, 5, 7 and 10 days, respectively. For the treatment, locally available macrophyte (water hyacinth) was used. To evaluate the performance of macrophyte waste stabilization pond, BOD 5 , TDS, TSS, COD, faecal coliform and Nitrogen for the effluent from pond model were measured at each detention time of every trial after ensuring steady state conditions. The influent values of same parameters have been measured at the start of each trial as the wastewater sample was collected from the municipal sewer. The average reduction of effluent value of each parameter varies from 30 to 48%, that is BOD 5 (48%), TDS (31%), TSS (30%), COD (42%), faecal coliform (45%), and Nitrogen (40%). The mechanisms of pollutant removal in this system include both aerobic and anaerobic microbiological conversions, sorption, sedimentation, volatilization and chemical transformations. There is currently no macrophyte wastewater waste stabilization pond system under study/practice in many of the developing countries; therefore, for the promotion of macrophyte based waste stabilization system detailed pilot scale studies should be conducted for municipal sewage under local environmental conditions to explore the treatment efficiency of the system. Also, it is necessary that macrophyte system be used as treatment facility for wastewater because their performance is comparable to conventional wastewater treatment plants and since the system has very low operation and maintenance costs.
INTRODUCTION
Pakistan is located in a severe water-scarce zone, which increases the scope of the wastewater treatment and its reuse. Treatment plant has been constructed and being operated in different cities of Pakistan; however, due to financial constraints, non availability of skilled operators and electricity shortages most of them are in a non-functional condition (Aziz, 2005) . Treatment plants have been installed in almost every large city of Pakistan, like Karachi (Two 20 MGD wastewater treatment plants employing trickling filters) and Islamabad (a 5 MGD capacity activated sludge plant), although most of them are non functional as far as performance is concerned. The main reasons of their failure *Corresponding author. E-mail: mumtazshah@gmail.com. Tel: +923414400046.
are electricity shortages and lack of skilled operators.
Oxidation ponds have been found to be an effective means of low cost treatment of domestic and industrial wastewater, especially for those countries lying in tropical and subtropical regions of the world (Kharkar et al., 1972) . The oxidation pond treatment technology has been recommended by a number of workers (McGarry and Pescod, 1970; Mara, 1975; Oswald, 1975; Middlebrooks et al., 1981) . The technology has an edge over the mechanical systems as being technologically very simple, economically very cost effective and a higher degree of pathogens removal is achieved. The conventional wastewater treatment trickling filter plants are very efficient in removing suspended solids and organic matter (more than 85%) and usually very poor in removing nitrogen, phosphorous, heavy metals, non-biodegradable organics, bacteria and viruses. Oxidation ponds have been employed for the treatment of wastewater for over 3000 In Pakistan, the wastewater treatment plants installed in major cities are mostly non operative due to the non availability of the skilled workforce as well as due to electricity crisis. The details of some of the plants are given in Table 1 .
Currently in Pakistan, waste stabilization ponds with macrophyte have not yet been recognized as a treatment option for the wastewater treatment. Failure for the acceptance is due to the lack of information, research work and government policy to prove the effectiveness of the system for wastewater treatment. Pakistan has wide area under natural wetlands in coastal areas of Sindh and Baluchistan province in form of mangrove forests that can be successfully used for treatment and polishing. In the proposed study the municipal wastewater of Taxila (Punjab, Pakistan) is taken for treatment from a bench scale laboratory model of a macrophyte waste stabilization pond. Since water hyacinth is the only locally available macrophyte therefore, the same has been chosen for the study.
MATERIALS AND METHODS
All the primary treated effluent is sent to the inlet zone of the model whereby passing through the wastewater reaches the main tank where it gets treatment with macrophyte (water hyacinth) under different detention times (3, 5, 7 and 10 days). After adding water hyacinth to the pond model different parameters of wastewater was monitored for both the raw sewage as well as for the wastewater treated by water hyacinth in the model. Both the raw sewage as well as the treated effluent has been tested for a set of parameters (BOD5, TDS, TSS, COD, faecal coliform and Nitrogen). All tests performed on the wastewater were carried out according to the procedures laid down in "Standard Methods for the Examination of Water and Wastewater" (20th edition, 1998) . Monthly average air temperature during the whole period of sampling varied between 25 and 29.4°C with an average of 26.9°C. The initial values of the selected parameters for raw sewage are given in Table 2 .
Description of the treatment system
The work reported here was carried out during the dry season from April 2011 until June 2011. All effluent collected from the municipal sewer was first sent to a primary settling tank and then after passing through it is distributed in to a lagoon having the macrophyte (water hyacinth). The effluent has been retained for 3, 5, 7 and 10 days in lagoon during each trail, and total of six trials has been performed. After completion of each detention time sample was collected from lagoon and tested for effluent quality. The plants in lagoon were harvested two to three times per week. At each detention, the following parameters were measured during daytime: BOD5, chemical oxygen demand (COD), total dissolved solids (TDS), total suspended solids (TSS), nitrogen, faecal coliform and pH. All analyses were done according to Standard Methods for the Examination of Water and Wastewater (1995) . Monthly average air temperature during the whole period of sampling varied between 25 and 29.4°C with an average of 26.9°C. The plants maintained a surface covering of 80 to 100%. The plants were quite fragile; they cannot resist too much handling during collection and transportation. The construction detail of the lagoon is given below in the Table 3 . The Schematic Diagram of the system is shown in 
RESULTS AND DISCUSSION
Average pollutant concentrations of the treated effluent samples collected at different detention times during six trials is given in The results shows after three days of detention there is not much reduction in pollutant values but as the detention time increase the reduction of pollutant in the sewage also increase. During the entire study water hyacinth shows a good growth rate; however, their growth is affected due to the decrease in temperature, that is, during winter. Therefore the system shows excellent performance during the summer season and so it can be used for the treatment of municipal wastewater of developing countries like Pakistan having tropical environment.
Conclusions

1)
In many developing countries municipal sewerage systems carry mixed wastewater rich in inorganic and organic toxic pollutants which may inhibit microbial processes, and hence reduce the macrophyte based treatment system efficiency. Characteristics of the wastewater to be treated must be considered in the design.
2) Appropriate choice of species adapted to tropical environments is of great significance. In the tropics where growth rates are high, the frequency and hence the cost of harvesting has to be considered. Economic utilization of excess biomass and frequent harvesting costs should be well assessed before choosing such a plant. 3) Currently in Pakistan almost all installed mechanized wastewater treatment systems are not working properly due to operation and maintenance problems associated with these systems. Therefore there is dire need to search for an alternative wastewater treatment system like macrophyte waste stabilization pond system using the local macrophyte species for wastewater treatment. 4) The main reasons for opting for the macrophyte based treatment system includes commercial value of biomass. The sludge from the macrophyte waste stabilization pond can be used as fertilizer after some primary precautions and the sludge can be used for producing energy by anaerobic digestion.
5) The macrophyte wastewater stabilization pond system should be promoted for the municipal wastewater treatment of developing countries as it reduces the major wastewater pollutant to a large extent. Additionally, this system of treatment is also self sustainable which is a main reason for opting for this system than other mechanized systems. This will help in protecting the water sources from the pollution as well.
